Identification and analysis of regulatory sequences that control gene expression can be greatly facilitated by database-assisted bioinformatic approaches. READS (Regulatory Element Analysis DatabaSe) has been created as a web-accessible freely available database of plant non-coding regulatory sequences. It currently contains more than 300 known and putative promoters of constitutive as well as stress inducible genes belonging to diverse plants. The database has been manually curated with promoters collected mainly from scientific publications, thereafter cross-referenced with other resources (NCBI database, PubMed, PubMed Central). A user-friendly interface has been provided to allow easy access and analysis of data using different query options. A blast utility has also been provided, allowing users to search against all entries in the database. For each promoter, certain features such as expression data, GC content, core elements etc., were provided to assist in characterization of the regulatory sequences. To our knowledge, READS is the first plant promoter database that allows retrieval of sequences based on expression pattern. Thus the database can be utilized as a useful resource for identification of important putative regulatory cis-elements in promoters by analysis of upstream regions of hundreds of coregulated or co-expressed genes. Such knowledge can also be of use for identifying minimal or stress inducible promoters for effective transgene expression. We aim to provide the most up-to-date collection of promoters of well-characterized stress inducible and constitutively expressed genes from many plant species. Hence, this resource will be updated regularly to incorporate new sequences. READs is available at http://www.pbtlabdu.net/READS/.
Introduction
Database assisted promoter analysis can greatly facilitate the study of gene regulatory networks. With the rapid advances in sequencing technology and the *Author for correspondence. <zebai@univdhaka.edu>. availability of complete genome sequences for several plant species, a number of promoter databases have been developed over the years to aid the study of transcriptional regulation. Most of the established plant promoter databases have been developed exclusively for a particular model species, such as Arabidopsis or rice. ATCISDB, AthaMap, Athena, Osiris, ppdb and Grassius are examples of this type of promoter database (Davuluri et al. 2003 , OʹConnor et al. 2005 , Bulow et al. 2006 , Morris et al. 2008 , Yamamoto and Obokata 2008 , Yilmaz et al. 2009 ). However, these databases hold general upstream region sequences and transcription factor binding site/cis-element information on a genome-scale basis, without focus on any specific expression pattern. There are some databases that are more specialized with respect to promoter data content, and have been developed to facilitate a specific purpose. For instance, PlantProm DB provides a collection of proximal promoter regions from 59 species with experimentally verified transcription start sites (Shahmuradov et al. 2003) . This resource has been utilized by many researchers for developing core promoter prediction algorithms, TSSP is one among those (Shahmuradov et al. 2005) . DoOP is another database which provides clusters of orthologous promoters, mostly from A. thaliana and Brassica oleracea (Barta et al. 2005) . Sprome and TGP are two lessestablished databases which report selective plant promoters that are biologically important for a certain process (Smirnova et al. 2006 , Rajasekaran et al. 2008 . Sprome houses around 50 putative promoters of salinity and drought stress inducible genes from rice, while TGP provides a small collection of reported transgene promoters with experimental observations. However, none of the existing databases provides comprehensive resource of putative promoters from multiple organisms along with expression data, such as constitutivity or stress-inducibilty. Also most of the databases have not been updated as new genomic and expression data becomes available. It is therefore highly desirable to build a more comprehensive plant promoter database for in silico analysis of regulatory elements and functional genomics research. There is also a great need for resources that will allow promoter mining from halophytes, which can survive in extreme conditions. READS has been developed as an attempt to address such challenges. Currently, READS is the only plant promoter database which provides expression pattern information of more than 300 promoters from both glycophyte and halophyte species (Table 1) .
Materials and Methods
The majority of the data provided by READS has been curated manually. Stress inducible and constitutive genes were identified primarily through literature mining and available microarray expression data analysis. Differentially expressed genes in cold, drought, salinity stresses and abscisic acid application have been identified previously in rice using cDNA microarray and RNA gelblot analysis (Rabbani et al. 2003) . In a more recent rice whole genome oligomer microarray experiment, drought and high salinity responsive genes in different organs were reported (Zhou et al. 2007) . Data from these experiments were downloaded, and genes corresponding to stress responsive cDNA clones were identified by matching each cDNA sequence to a O. sativa cv. Japonica locus (MSU6 assembly), using the BLASTn search tool provided at the GRAMENE database (Liang et al. 2008) . Information regarding the constitutive rice genes was obtained from a recently published report (Jiao et al. 2009 ), in which microarray experiments for 40 different cell types were performed. Briefly, putative constitutive genes were identified through statistical analysis (Lee et al. 2007 ) of microarray expression data based on the following criteria: (i) Ubiquitous expression and no more than two cell-type nulls, and (ii) uniform expression and a difference between the highest third and lowest third of log-transformed normalized value of < 2 (Jiao et al. 2009 ). Finally, promoter regions of all the stress-inducible/constitutive rice genes (1 kbp upstream of the translational start site) were extracted, using the bulk data retrieval tool available at OryGenesDB (Droc et al. 2006) . Experimentally characterized individual promoter sequences from rice landraces, barley and halophyte species with stress specific expression pattern reported in scientific literatures were extracted by searching the NCBI nucleotide database with corresponding GenBank accessions. Several promoters from salt tolerant rice landraces that have been characterized in the Plant Biotechnology Lab., University of Dhaka and whose sequences have been deposited at GenBank also constituted a part of the final dataset.
To identify putative cis-elements/motifs in the collected promoters, the MotifScanner program provided by the TOUCAN 2 workbench (Aerts et al. 2003 , Aerts et al. 2005 ) was used. MotifScanner searches for pre-defined motifs in DNA sequences based on a probabilistic sequence model (Thijs et al. 2001) . The PlantCARE database (Rombauts et al. 1999) as the source of pre-defined plant specific motif matrices and 'plantprom (3rd order)' as the background model were selected for running MotifScanner. Putative transcription start sites were detected using the TSSP program available at softberry (Shahmuradov et al. 2005) . A custom perl script was utilized for GC content calculation.
READS data are stored within a relational database management system, MySQL (http://www.mysql.com), using the MyISAM storage engine. The website was developed using the PHP language (http://www.php.net) and hosted at the Apache web server (http://www.apache.org). The 'IN BOOLEAN MODE' modifier of MySQL was used for Boolean full-text search in quick and advanced search options provided at the homepage, to facilitate data retrieval using specific key words. The www blast suite of NCBI (Altschul et al. 1997 ) was adapted and configured to allow the users blast against the READS promoter database. To enable fast updating of database, a manual curation utility has also been developed.
Results and Discussion
The main objective of the READS database is to provide a user-friendly way to retrieve plant promoter sequences according to their expression patterns and/or other functional groupings to facilitate further analysis. The current release of READS contains 218 constitutive and 98 stress-inducible promoters from nine different plant species (Tables 2 and 3 ). The database schema of READS is shown in Fig. 1 .
Table 2. Statistics of READS data content (current release).

Category Number
Total plant species 9
Monocots 6 Dicots 3
Halophytes 3
Total sequences 316
Constitutive promoters 218
Stress-inducible promoters 98 Table 3 . Species information of READS (current release).
Plant species Category
Oryza sativa japonica cv. Nipponbare Monocot
O. sativa indica cv. Pokkali Monocot
O. sativa indica cv. Horkuch Monocot
O. sativa indica cv. Nagina 22 Monocot
O. sativa indica cv. Taichung Native 1 Monocot
Hordeum vulgare Monocot
Atriplex centralasiatica Dicot
Mesembryanthemum crystallinum Dicot
Suaeda liaotungensis Dicot
The READS data is stored in a MySQL database and freely accessible through a web interface at the following address: http://www.pbtlabdu.net/READS. Users can search the complete dataset of 316 plant promoters through three different entry points:
1. Simple search form: Searching by single or multiple keywords such as gene name, TIGR locus identifier, plant species, stress etc. using the 'quick search' option in the READS homepage (Fig. 2a) .
Advanced search:
Searching by single or combined query fields provided in the homepage (Fig. 2a) , such as expression pattern, one or more stress types, plant species and/or Gene ID.
BLAST utility:
Searching by sequence comparison against a local database of promoter sequences through the BLAST utility of NCBI. Each of the search queries generates a list of entries that match the user specified criteria. By clicking on a single entry, information regarding that promoter is visualized in a specific page including gene name and description, species name, genomic location, promoter sequence, putative cis-elements, external links to other public resources and to Pubmed/Pubmed Central, GC content, putative or experimentally identified TSSs (Transcription Start Sites) and known expression pattern, for example constitutive expression, response to abiotic stresses, etc. A screen shot of a READS entry page is shown in Fig. 2b . READS has been designed to allow easy retrieval of a group of sequences based on specific criteria like species name, expression pattern or other functional categories. For example, the 'Quick Search' form at the READS homepage was queried using the keyword 'salinity', which returned 79 promoters with salinity inducible expression pattern, as shown in Fig. 3a and b. To narrow down the results, the species 'Atriplex centralasiatica' and expression pattern 'salinity' were chosen from the dropdown menus in the 'Advanced Search' section at the homepage, which returned one promoter entry (Fig. 3c,  d,e) . For each promoter entry, features that are important in transcriptional regulations have been provided. Locations of putative elements have been presented graphically, and links for details of these elements have also been provided below the graphical representation (Fig. 2b) . The sequence data of the READS database can be used for further analysis using existing tools, e.g. analysis of potential transcription factor binding sites or identifying conserved motifs in co-expressed genes using tools such as PLACE (Higo et al. 1999) , TOUCAN (Aerts et al. 2005) , MEME (Bailey et al. 2010 ) etc. READS offers several critical advantages over the other available plant promoter databases. Firstly, all the promoter sequences in READS are annotated with specific expression data as well as putative motifs. Hence READS can be greatly useful to researchers for identifying unknown functional ciselements/motifs in non-coding regions, designing minimal promoters for synthetic constructs and also in engineering transgenic crop plants, where the gene of interest is only expressed at the desired stage of plant life cycle, or in the desired tissue and/or in response to specific environmental cues. Secondly, READS is the only database to-date that allows easy retrieval of a group of sequences with similar expression pattern and thus facilitate comparative analysis among sets of promoters with differential expression pattern. To our knowledge, no available plant promoter database except READS provides easy Fig. 2b . Screenshot of an entry page in READS.
retrieval of comprehensive promoter dataset for constitutive genes, even in a single species. Besides this, READS also allows sequence retrieval based on other expression patterns, such as drought, salinity, abscisic acid, cold inducibility etc. Comparative cis-element analyses among differentially expressed promoters have greatly benefitted identification of discriminative cis-elements involved in stress/tissue specific gene regulation in many previous studies (Lindlof et al. 2009 , Shi et al. 2010 . Such information can also be utilized to detect common modules of cis-elements involved in regulation of a group of genes. Hence promoter databases that allow sequence retrieval based on expression pattern can be very useful for discriminative motif identification purposes, and READS has been developed as an attempt to address such necessities. For instance, the information resource provided by READS can be utilized for in silico comparative analysis between constitutive and stress inducible promoters, and thus help researchers better understand the regulatory networks involved in plant stress adaptation. However, resources provided by READS will not necessarily facilitate motif analysis in orthologous promoters through phylogenetic footprinting, a well-known approach for conserved motif identification. For such analysis, the existing DoOP (Database of Orthologous Promoters) may be more suitable. READS has also been developed to mine non-coding regulatory sequences from halophytes, which can survive and grow in extreme conditions. To-date, there is no publicly available promoter database for such purpose. Analysis of the regulatory regions of halophytes can be particularly significant to understand the dynamics of gene regulation in such organism and engineer crop plants tolerant to harsh environments. As genome sequences for halophytes are not available yet, the promoter data from such species in the current release of READS is limited. Nevertheless, continued efforts will be made to update the promoter sequences and expression data and other useful information. In future, promoters from additional plant species as well as tools for analyzing the data will be provided to enhance utility of the resource at READS. The manual curation section of the READS will also be made accessible to the community to enable improved annotation of non-regulatory sequences.
